This study examined the influence of a low level of dietary lectin (0.34%), at a dose that did not affect body weight or food intake, on the concentration of serum choles terol and fecal excretion of neutral sterols in rats fed a diet containing 0.50% cholesterol and 0.13% sodium cholate for 12d. In experiment 1, rats fed a diet with 0.34% lectin, con canavalin A, had significantly lower concentrations of serum total cholesterol and hepatic cholesterol, a higher ratio of HDL-cholesterol to total cholesterol, enhanced excretion of fecal neutral sterols and reduced apparent cholesterol absorption or digestibility as com pared with rats fed a diet without lectin. Fecal excretion of acidic sterols was unaffected by dietary lectin. In contrast, dietary 0.34% lectin had no significant effect on concentrations of serum total protein or glucose. In experiment 2, we examined whether the cholesterol lowering activity of the lectin was responsibility for its carbohydrate-binding activity. The effect of dietary lectin on concentrations of serum and hepatic cholesterol and excretion of fecal neutral sterols was prevented by simultaneous administration of methyl-a-D-man nopyranoside with specific affinity for the carbohydrate-binding sites of the lectin. These results suggest that dietary lectins might reduce concentrations of serum and hepatic cho lesterol by a mechanism involving higher excretion of neutral sterols and that these alter ations might be associated with the carbohydrate-binding activity of lectin.
Lectins are sugar-binding proteins or glycoproteins of non-immune origin which agglutinate cells and/or pre cipitate glycoconjugates (1) . Although first discovered in plants, lectins also have been found in many organ isms from bacteria to mammals (1) . Consequently, most food/feed stuffs contain appreciable amounts of lectins. Some lectins resist degradation in the small intestine and are also resistant to breakdown by most gut bacte ria (2). It has been well established that dietary lectins lead to depressed activities of some intestinal enzymes, growth retardation and even death for experimental animals, particularly when consumed in large quanti ties (3-7). Conclusions regarding the effect of dietary lectins are often based upon antinutrients. Recently it has been suggested that some antinutrients such as enzyme inhibitors, phytate and oxalate may have sev eral beneficial effects, for example, hypolipidemic, anti carcinogenic and antioxidant effects (8-11). However, little attention has been paid to the beneficial nutri tional effect of dietary lectins at a dose that does not affect body weight or food intake.
Dietary proteins are known to influence cholesterol metabolism. Many studies have demonstrated that plant protein-based diets lower serum cholesterol con centration compared with casein-based diets in animals and man (12-16). In addition, minor dietary constitu ents derived from plants such as saponins (17) and plant sterols (18) have been shown to lower circulating cholesterol levels. Until now only a little information was available about the cholesterol-lowering effect of minor proteins. In this study, therefore, we focused on lectins as a factor involved in the cholesterol-lowering effect. The purpose of the present study was to investi gate how dietary lectin as a dietary adjunct influences serum concentration of cholesterol in rats fed a choles terol-enriched diet at a dose that does not reduce food intake or body weight. To whom correspondence should be addressed. E-mail; t-kayashima@hiroshima-u.ac.jp Table  2) . As shown in Table 2 , dietary lectin significantly lowered concentrations of serum total cholesterol and hepatic cholesterol. The ratio of HDL cholesterol to total choles terol was significantly elevated by dietary lectin (Table  2) . Concentrations of serum and hepatic phospholipids, serum HDL cholesterol, total protein, glucose and hepatic triglyceride, were not significantly affected by dietary lectin (Table 2) . Dietary lectin tended to cause a lower concentration of serum triglyceride.
As shown in Table 3 , dietary lectin had no effect on fecal dry weight or cholesterol intake. The fecal excre tion of neutral sterols, cholesterol plus coprostanol, was enhanced by dietary lectin (Table 3 ). There was no dif ference in fecal excretion of acidic sterols between the two groups ( Table 3 ). The apparent cholesterol absorp tion and digestibility were depressed in rats fed dietary (Table  5) .
DISCUSSION
Many researchers suggested that dietary lectins cause various nutritional disorders (3-7). In this study, we focused on dietary lectin as a factor involved in the cholesterol-lowering effect. Dietary lectin clearly reduced concentrations of serum and hepatic choles terol at a dose that did not affect body weight or food intake, in rats fed a cholesterol-enriched diet (Table 2,  4 ). In addition, dietary lectin enhanced the ratio of HDL cholesterol to total cholesterol (Table 2, 4). However, serum concentrations of total protein and glucose were unaffected by dietary lectin ( Table 2 ). The results of the present study may indicate a novel function of dietary lectin without growth retardation. Our preliminary study indicated that dietary lectin did not have a hypocholesterolemic activity in rats that did not consume exogenous cholesterol (Kayashima and Katayama, unpublished data). The present study demonstrated that dietary lectin elevated fecal excre tion of neutral sterols in rats fed a cholesterol-enriched diet (experiment 1). Furthermore, in experiment 2, both a lower concentration of serum cholesterol and a higher excretion of fecal neutral sterols that t had been observed after the lectin feeding to rats were clearly abolished by simultaneous administration of a saccha ride with a specific affinity for the carbohydrate-binding sites of lectin. A good negative correlation (r=-0.956, p<0.01) between apparent cholesterol digestibility and concentration of serum total cholesterol was also observed. These results suggest that the cholesterol lowering effect of the lectin may be due to an enhance ment of fecal excretion of neutral sterols or to a lower intestinal absorption of cholesterol. Further study is in progress to investigate the direct effect of the lectin on intestinal absorption of [14C]-cholesterol in rats.
Lectins such as ConA and wheat germ agglutinin are relatively resistant to gastrointestinal digestion (2). As a result, they are known to cause various changes within the gastrointestinal tract, including increase in shed ding of the brush border membrane, reduction in sur face area and acceleration of cell loss (26). In addition, Lorenzsonn and Olsen (26) showed that these changes within the gastrointestinal tract due to lectins were pre vented by simultaneous administration of a saccharide with a specific affinity for the carbohydrate-binding sites of the lectin. Taken together with the results indi cating the effect of saccharide administration on fecal excretion of neutral sterols (experiment 2), that choles terol-lowering effect involving in fecal excretion of neu tral sterols is related to the carbohydrate-binding activ ity of the lectin. It would seem that the higher fecal excretion of neutral sterols due to the lectin may be par tially associated with changes within the gastrointesti nal tract. Obviously, until more direct experimental evi dence is obtained, this idea remains speculative.
In experiment 1, dietary lectin tended to cause a lower concentration of serum triglyceride (Table 2 ). Our data in experiment 2 indicated that dietary lectin led to a decrease in concentration of hepatic triglyceride (Table 4) . Additionally, fecal excretion of triglyceride was significantly enhanced by the lectin (Table 5) . Nakata and Kimura showed that adaptive changes observed in some enzymes activities of rats given a high sucrose diet were completely prevented by the addition of 0.5% Lectin, ConA to the diet (7). Although serum levels of total protein and glucose were unaffected by the lectin (Table 2) , it is possible that dietary lectin partly affects absorptive inhibition of several fat-soluble nutrients besides cholesterol in the gastrointestinal tract. Additional research is required to clarify the effect of the lectin on other nutrients including triglyceride under the present experimental conditioins.
The hypocholesterolemic effects of various plant pro teins and related compounds have been extensively studied in man and other animals (12-16). Sugano et al, indicated, in rats fed a cholesterol-enriched diet, soy protein isolate elevated the fecal excretion of acidic and neutral sterols (16). Soy protein isolate also has been suggested to have some bile acid-binding protein(s) (16). Similarly, dietary saponins increased the fecal excretion of acidic and neutral sterols as a consequence of their ability to absorb acidic sterols (17). On the other hand, the present study demonstrated that dietary lec tin markedly elevated the fecal excretion of neutral ste rols, but had no influence on fecal excretion of acidic sterols in rats fed on a cholesterol-enriched diet (Table  3 , 5). Dietary lectin also did not affect fecal excretion of acidic sterols in rats fed a cholesterol-free diet (Kaya shima and Katayama, unpublished data). In view of these facts, it is likely that the fecal excretion of acidic sterols may not be related to the hypocholesterolemic effect of the lectin.
In summary, the present study demonstrated that dietary lectin had a hypocholesterolemic effect and sug gested that this effect was associated with the carbohy drate-binding activity of the lectin. This represents a new and generally unrecognized function for lectins. Therefore, lectins, present in a variety of foods includ ing beans, may be a clinically effective hypocholester olemic agent. Apparently, research is necessary to determine whether a similar effect would result from other lectins and to ascertain the side-effects, if any, of lectins. On the other hand, it has been found that some dietary, biliary, enterocyte and luminal factors could influence intestinal absorption of cholesterol (27-29). However, the mechanism regarding intestinal absorp tion of cholesterol is not fully understood. In the present study, it is noteworthy that dietary lectin lowered the concentration of serum cholesterol as a dietary adjunct differing in protein source. Thus, although studies on the precise mechanism of lectin on intestinal absorption of cholesterol are in progress, it is also possible that lec tins might be a useful model to elucidate the mecha nism of intestinal absorption of cholesterol. 
